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INFRARED CHEMICAL ANALYSIS: ,A NEW APPROACH 

Mark M. Rochkind 

B e l l  Telephone Lsborator ies ,  Incorporated 
Murray H i l i ,  New J e r s e y  07971 

Ut i l i z ing  an unusual low temperature sampling technique, a 
new approach t o  i n f r a r e d  chemical a n a l y s i s  which e x h i b i t s  
micromole s e n s i t i v i t i e s  has been devel3ped. The p r i n c i p a l  
a t t r i b u t e  of t h i s  new approach i s  t h a t  it o f f e r s  a very  
general  method f o r  gas mixture ana lys i s ;  a method which 
r equ i r e s  no previous knowledge of mixture composition and 
which e n t a i l s  no p r e a n a l y t i c a l  s epa ra t ion  of c l a s s e s  of 
components. Mixtures con ta in ing  alkanes,  a lkenes,  aldehydes, 
ketones, e the r s ,  i no rgan ic s  and aromatics may be a t  l e a s t  
q u a l i t a t i v e l y  analyzed by a s i n g l e  s t e p  spectrophotometric 
procedure. Because t h i s  new approach t o  i n f r a r e d  a n a l y s i s  
o f f e r s  a very  g e n e r a l  method f o r  determining the  components 
of gas mixtures, it should f i n d  a p p l i c a t i o n  i n  the  f u e l  
industry as a t o o l  f o r  k i n e t i c  and mechanistic s t u d i e s  of 
chemical combustion and as an  a i d  i n  the s tudy of combustion 
intermediates .  This a r e a  of r e sea rch  i s  t ak ing  on inc reas ing  
immediacy a s  we become more s e n s i t i v e  t o  t h e  eco log ica l  menace 
posed by air p o l l u t i o n .  

Sample p repa ra t ion  c o n s i s t s  of d i l u t i n g  t h e  gas a i x t u r e  t o  
be analyzed with a l a r g e  excess (usua l ly  a t  l e a s t  100 f o l d )  of 
ni t rogen followed by condensation of the d i l u t e d  gas  mixture 
i n  pulsed fashion onto an i n f r a r e d  t r a n s m i t t i n g  windod previ-  
ously cooled t o  20°K. Using semiautomsted procedures,  sample 
preparat ion and depos i t i on  may be completed i n  less than one 
minute. A standard double beam spectrophotometer i s  used f o r  
recording the s p e c t r a l  d a t a  although enhanced a n a l y t i c a l  
s e n s i t i v i t y  .may be obtained with modified instruments .  The 
time required f o r  record ing  a s u i t a b l e  spectrum v a r i e s  wi th  
the problem i n  hand. Exhaustive a n a l y s i s  of an unknown mixture 
would, of course, r e q u i r ?  more time than would a search f o r  
some spec i f i ed  s e t  o f  mixture components. 

I n  the May i s sue  of Analytical  Chemistrx, t h i s  technique of 
low temperature i n f r a r e d  matrix d i s p e r s i o n  a n a l y s i s  i s  described 
and a p p l i c a t i o n  of t h e  technique t o  the a n a l y s i s  of a s e r i e s  
of t h i r t e e n  simple hydrocarbons i s  reported (Rochkind, M. M. 
(1967)). Since t h a t  wr i t i ng ,  an a d d i t i o n a l  f i f t y  gases  and 
v o l a t i l e  l i q u i d s  have been examined (see,  Table I ) ,  and we 
a r e  now i n  a p o s i t i o n  t o  make conc re t e  remarks regard ing  t h e  
a n a l y t i c a l  p o t e n t i a l  of t h i s  technique as it i s  appl ied t o  , a broad range of chemical compounds. This w i l l  be done a t  
the Symposium. I n  a d d i t i o n  t o  d i scuss ing  a c t u a l  performance 
of t h i s  technique as an a n a l y t i c a l  t oo l ,  t h e  equipment r equ i r e -  
merits w i l l  be ou t l ined  end sone a t t e n t i o n  w i l l  be paid t o  the 
adapts t ion of z u t o m t e d  methods wi th  regard t o  sample p repa ra t ion  
and sample deposi t ion.  
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Table I. Gases and V o l a t i l e  Liquids f o r  which Standard 
Spec t r a  Have Been Recorded i 

I 

ALKENES I 

Allene 
Butadiene 
1-Butene 
c is-Butene 
t r a n s  - Butene 
2,3-Dimethyl-2-Butene 
Ethylene 
3-Ethyl-1-Pentene 
3-Ethyl-2-Pentene 
Isobutylene 
3-Methyl-1-Butene 
2-Me thyl-2-But ene 
2 -Methyl- 1.- Pent ene 
4-Meth 1 1-Ptntene 
t r a n s  -8- Me thy l-2 - Pent  ene 
1-Oc tene  
1- Pentene 
Prop lene  
2,4, $ -Trimethyl-1-Pentene 

ALKYNES 

Acetylene 
.Ethyl Acetylene 
he thy1 Acetylene 

ALDEHYDES 

Ac e t  a l d  ehyd e 
. Prop i ona I d  e hy d e 

ETHERS 

n-Butyl Ethyl  Ether  
t e r t -Bu ty l  E thy l  E the r  
Dimethyl Ether  
Ethyl  Ether 
n-Propyl Ether  
Vinyl Ethyl  Ether  

AROMATICS 

Benzene 

1 ALKANES 

Butane 
Cyclopropane 
2,4 - Dime t ny 1 pent  an e 
Dimethyl Propane 
Ethane 
Heptane 
Hexane 
Isobutane 
I s  open t a ne 
Methane 
Octane 
Pentane 
Propane 
2,2,5-Trimethylhexane 
2,4,4-Trimethylpentane 

KETONES 

Die thyl  Ketone 
Dimethyl Ketone 
Dipropyl Ketone 
Ethyl  Butyl  Ketone 
Ethyl  Propyl Ketone 
Methyl Butyl  Ketone 
Methyl E thy l  Ketone 
Methyl I sobu ty l  Ketone 
Methyl Penty l  Ketone 
Methyl Propyl Ketone 

INORGANICS 

Amnonia 
Carbon Monoxide 
Carbonyl S u l f i d e  
Hydrogen S u l f i d e  
Su l fu r  Dioxide 
Water 

1 
d 

// 

/ 

1 



227. 

I 

i 

''I i 
\ 

, 
'4 

Differen t  l e v e l s  of s o p h i s t i c a t i o n  may be pursued i n  connec- ' 

t i o n  wi th  a n a l y s i s  of t h e  raw s p e c t r a l  d a t a .  
from hand ana lys i s ,  using s p e c i a l l y  prepared t a b l e s ,  t o  
s t r i c t l y  computer con t ro l l ed  ana lyses  where t h e  raw s p e c t r a l  
d a t a  a r e  d i g i t i z e d ,  t ransmi t ted  over  te lephone l i n e s  t o  some 
c e n t r a l l y  loca ted  computer f a c i l i t y  and analyzed wi th in  t h e  
Computer. An in te rmedia te  l e v e l  of  s o p h i s t i c a t i o n ,  one 
manifest ly  p r a c t i c a l ,  involves  t r a n s m i t t i n g  v i a  t e l e t y p e  a 
l i s t  o f  f requencies  and approximate r e l a t i v e  i n t e n s i t i e s  t o  
a c e n t r a l  computer a t  sone remote l o c a t i o n  wi th in  which 
ana lys i s  of  t he  r e l e v a n t  d a t a  i s  performed. While t h e  l a t t e r  
approach obvia tes  d i g i t i z a t i o n  of t he  r a w  spec t r a ,  i t  poses 
the  requirement t h a t  competent personnel  must be p re sen t  a t  
the s i t e  of t he  experiment to  reduce t h e  s p e c t r a l  graphs t o  
a l i s t  of meaningful f requencies  and r e l a t i v e  i n t e n s i t i e s .  
This l e v e l  of  soph i s t i ca t ion ,  though l e s s  e f f i c i e n t  on an 
absolute  s c a l e  than a s t r i c t l y  conputer  con t ro l l ed  ana lys i s ,  
i s  very much e a s i e r  t o  e f f e c t  and sugges ts  'some e x c i t i n g  
p o s s i b i l i t i e s  which u t i l i z e  t h e  time shar ing  c a p a b i l i t i e s  
of new genera t ion  computers. The paper  t o  be presented w i l l  
d i scuss  t h i s  d a t a  handl ing problem i n  d e t a i l  from the  po in t s  
of view of communications, equipment requirements ,  c o s t  ana lys i s  
and ef fec t iveness .  Computer con t ro l l ed  microf i lm f a c i l i t i e s  
f o r  s t o r i n g  s p e c t r a l  d a t a  - where i n t e l l i g i b l e  d a t a  need t o  be 
retained i n  an a v a i l a b l e  s t a t e  - w i l l  be discussed a s  wel l .  

These range 

A s  pointed o u t  i n  t he  May iss'ue of  Environmental Science and 
-- Technologx, t h i s  method of  i n f r a r e d  chemical a n a l y s i s  i s  

1 s t r i k i n g l y  computer or ien ted  (Rochkind, M. M. (1967)). This 
'\ i s  so  because t h e  sampling technique r e s u l t s  i n  narrow bands 
\ (2-6 c m - 1  bandwidths) which occur  a t  we l l  d i s t r i b u t e d  frequen- 

c i e s ,  reproducibly from sample t o  d i s t i n c t  sample. It thus 
i s  poss ib l e  t o  completely c h a r a c t e r i z e  a chemical spec ies  by 
a sho r t  l i s t  of f requencies  (and, perhaps,  r e l a t i v e  i n t e n s i t i e s ) ,  
each accu ra t e  t o  1-2 cm-l. This  g r e a t l y  s i m p l i f i e s  t he  data \\ 

9 handling and the data  s t o r i n g  problems. 
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It appears as though s o l i d s  may a l s o  be suscep t ib l e  t o  t h e  
kind of  mat r ix  d i spe r s ion  a n a l y s i s  descr ibed above f o r  gases .  
A proposal  f o r  prepar ing  samples from s o l i d  m a t e r i a l  which 
employs pulsed l a s e r s  and molecular beams w i l l  be considered 
and some poss ib l e  a t t endan t  problems w i l l  be d iscussed .  
Rela t ive ly  nonvo la t i l e  l i q u i d s  ( i . e . ,  those  having vapor p re s su res  
of l e s s  than  1 t o r r  a t  room tempera tures)  p re sen t  y e t  more d i f f i -  
c u l t  problems, b u t  even these  may be surmounted i f  need be. 

In  summary, it a p p i a r s  as though lo-t~ temperature matr ix  d i s -  
pers ion - a technique whereby gaseous m a t e r i a l s  a r e  s u f f i c i e n t l y  
dispersed (not i s o l a t e d )  t h a t  i n  the  s o l i d  s ta te  they e x i s t  i n  . 
a quesi-homogeneous environment wi th in  which molecular i n t e r -  
ac t ions  are minimized - provides  a p r a c t i c a l  technique f o r  

I 
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sample p reps ra t ion . and  permi ts  a new approach t o  i n f r a r e d  
chemical a n a l y s i s .  
p r e c i s e l y  t h e  q u a n t i t a t i v e  c a p a b i l i t i e s  of t he  method. 
Progress i n  t h i s  area w i l l  be b r i e f l y  reported.  

Work I s  c u r r e n t l y  underway t o  de f ine  
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